Herein we summarize the results of a comprehensive study aimed on the creation of liquid form of biological products for symbiotic and associative rhizobacteria. The objects of study were nodule bacteria from the rhizosphere of galegae (Rhizobium galegae), soybean (Bradyrhizobium japonicum) and associative rhizobacteria (Arthrobacter mysorens, Azospirillum brasilense, Agrobacterium radiobacter), as well as plants of soybean (Glycine max L.), barley (Hordeum L.), alfalfa (Medicago L.), etc. As carriers for bacteria, we used gamma-sterile peat, vermiculite and improved sterile liquid media on the basis of components of vegetable or synthetic origin, with the introduction of nutrients and stabilizers (humates, glycerine, potassium sorbate, carboxymethylcellulose, etc.). The efficacy of tested products and forms were compared in a biological survey carried out in different regions of the Russian Federation. Under the conditions of Leningrad Region the effectiveness was evaluated for the preparations based on recently used and perspective strains of alfalfa nodule bacteria Sinorhizobium meliloti. An optimized combination of stabilizers, nutrients and protective substrates provided a long-term storage and high efficiency of biological products. Nevertheless, plant nutrient media (bean broth) did not provide the required quality. Using bean medium for cultivation it is possible to obtain the desired titer of bacteria in the product, but their numbers are rapidly decreasing. Furthermore, preparations obtained with use of bean broth lose quality after 2-3 months after the beginning of storage because of extraneous microflora therein. The new forms of biochemicals designed on the basis of a synthetic nutrient medium can be stored at room temperature for at least 6 months, when sterile-packed in plastic bottles. High bacteria titer (3.6-4.2 billion CFU/ml of liquid formulation) was obtained after cultivation. It is shown that an improved liquid form has a high efficiency. Its application on leguminous plants increased grain yield by 20-40 % in soy, and by 15-25 % in peas. Productivity of cereal crops (wheat, barley) increased by 15-25 %, and the productivity of alfalfa was 20-45 % higher. A significant increase in crop quality was found to be due to higher protein content. The effectiveness of biological products considerably depended on agroecological conditions and biological features of the crops. Using different strains of nodule bacteria Sinorhizobium meliloti in the Leningrad Region allowed us to create the effective plantmicrobe systems. Thus on the sod-podzolic soil the strain A-4 was most effective providing yield increase by more than 25 %, while on sod-carbonate soil it was the strain A-5 which increased the productivity of alfalfa by 140 %.
a particularly significant advantage of microbial and plant symbioses.
The process of manufacturing and use of mineral nitrogen fertilizers is extremely energy consuming: it consumes up to 50 % of the total energy of the agro-industrial complex. It is not possible to solve the problem of energy conservation without cheaper and environmentally friendly biological nitrogen [6] [7] [8] [9] .
Seed inoculation has been known for over 100 years. Preparations based on nodule bacteria have been produced in different forms, such as soil inoculated with nodule bacteria, products based on peat (sterile and non-sterile) and on solid carriers (perlite, vermiculite, wood, or coconut chips), paste, gel and liquid formulations [10] [11] [12] [13] [14] [15] .
The main problems hindering the widespread use of the majority of soil fertilizing biologics are the lack of easy-to-use, reliable and efficient, and inexpensive forms based on rhizosphere microorganisms producing spores. Culturing and long-term preservation of the latter alive is associated with certain technological difficulties. Liquid form of inoculants is the most promising technological and economical form, being a nutrient medium with rhizobacteria grown in it. It allows simplifying the production process by eliminating the stages of substrate preparation and inoculation [16, 17] .
Culture media based on natural products are complex and vary with the quality and origin of the starting material. This technology was developed several decades ago, and its greatest disadvantage is a short shelf life of the product liquid form. With liquid culture, bacteria titer starts to decrease sharply in 10-15 days [18] .
The aim of this work was to create an efficient and technologically advanced soil fertilizing biochemicals for a wide range of crops (cereals, legumes, fodder plants, vegetables) and comparative assessment of the efficacy of traditional and new forms of biological products in different agro-ecological conditions.
Technique. Our study was focused on nodule bacteria from the rhizosphere of galegae (Rhizobium galegae), soybean (Bradyrhizobium japonicum) and associative rhizobacteria (Arthrobacter mysorens, Azospirillum brasilense, Agrobacterium radiobacter). Also soybean (Glycine max L.), barley (Hordeum L.), alfalfa (Medicago L.) plants, etc., were used. Gamma-sterile peat, sterile vermiculite and liquid media based on the components of vegetable or synthetic origin, with the introduction of nutrients and stabilizers (humates, glycerine, potassium sorbate, carboxymethylcellulose -CMC, etc.) served as carriers for the bacteria.
Studies Production and perspective strains of nodule bacteria isolated from soil and nodules of plants growing in various regions of the world, and associative nitrogen-fixing bacteria isolated from different soil and plant rhizosphere, were used in the experiments [19] .
Under the conditions of Leningrad Region, the effectiveness was evaluated for the preparations based on recently used and perspective strains of alfalfa nodule bacteria. Experiments were held at the experimental field of Saint Petersburg SAU in sod-podzolic (pH 5.9; humus content of 2.4 %) and sod-carbonate (pH 6.5; humus content of 2.8 %) cultivated soils.
Production (415b, 425a) and advanced (A-3, A-4, A-5, A-6) strains of nodule bacteria Sinorhizobium meliloti from the collection of the All-Russian Research Institute of Agricultural Microbiology (RCAM, St. Petersburg) were used as inoculants.
Prior to sowing, seeds were wounded and inoculated with microbial preparations under the experiment scheme. Line sowing with row spacing of 30 cm was used. Fertilizers have not been used within the study. Alfalfa was cultivated according to the technology conventional for Leningrad Region.
The obtained data were processed using analysis of variance and multivariate analysis [20] .
Results. The optimum ratios of various nutrients and protective components have been selected in previous studies, allowing the shelf life of products to reach 2 months at low temperature.
Plant nutrient media (bean broth) did not provide the required product quality ( Table 1 ). The use of bean medium for cultivation made it possible to obtain the desired titer of bacteria in the product, but their numbers were rapidly decreasing. The initial titer of soybean nodule bacteria liquid preparations was 3.1-4.5 billion CFU/ml, and after 2 months the number of bacteria was reduced twice down to 1.7-2.1 billion CFU/ml. After 3 months, the product titers dropped dramatically down to 3.1-6.1 million CFU/mL and continued to decrease at a high rate. Furthermore, preparations obtained with the use of bean broth lose quality in 2-3 months after the beginning of storage due to the extraneous microflora therein. In recent years, an absolutely new synthetic type of media for the culture of beneficial microorganisms has been developed [21, 22] . Synthetic media are prepared of chemically pure organic and inorganic compounds, taken in exactly specified concentrations. Constant composition is an important advantage of synthetic media, so they are easily reproducible.
Our data proved that it is advisable to use these media for the products based on nodule bacteria (Table 2 ). In contrast to the natural media (bean broth), contamination is generally not observed in synthetic media during storage. Furthermore, it is possible to more accurately adjust the content of nutrients in the medium and their ratio, which is not possible in case of a broth as its composition varies depending on the preparation time, quality, raw material grade, and many other factors.
2. Titers (½10 6 CFU/ml) of various soybean Bradyrhizobium japonicum nodule bacteria strains in liquid product with synthetic medium (storage temperature of 22-25 С) (laboratory experiment) With the new synthetic nutrient medium, high bacteria titers (3.6-4.2 billion CFU/ml of liquid formulation) could be obtained after cultivation. New medium made it possible to maintain high bacteria titers for 6 months without product quality reduction. The results obtained in the framework of the Geography Network Experiments showed that the efficacy of the products prepared with synthetic media after 6 months of storage were not inferior to fresh products based on traditional liquid medium and peat [23] .
Presowing treatment of large amounts of seeds is currently associated with certain difficulties. According to the recommendations, it should be performed on the day of seeding without access to sunlight. This problem can be solved by developing methods of mechanized application of microbiological preparations to soil at sowing. In this case, no additional processing is required prior to sowing; processing is carried out directly by the sowing machine in the field. This approach will contribute to the wider introduction of inoculants in agriculture, and hence to high crop yields.
Comparative effectiveness of biological products based on sterile peat, vermiculite, and liquid medium was studied in different regions of the Russian Federation in cereals (winter and spring wheat, barley, rice), legumes (soybean, pea) and fodder crops (alfalfa, vetch) (data partially shown).
In experiments with soybeans in the Krasnoyarsk district (Fig. 1) , the liquid form of biological product increased productivity almost 4-fold, and the peat form and the vermiculite-based product increased grain yield 2-fold on average. In general, that high effectiveness is due to the lack of «native» strains of nodule bacteria specific to soybeans. In similar cases, the use of inoculants is agronomically necessary [24] .
Under the conditions of Rostov Region, all three forms (peat, vermiculite, and liquid) of the biological product based on nodule bacteria Bradyrhizobium japonicum (strain 626a) were shown to contribute to a significant increase in soybean yields. In control version, it was 20.3 c/ha, under seed treatment with the biochemical based of peat it was 23.1 c/ha, and in cases of the vermiculite and the liquid form it reached 25.0 c/ha and 24.4 c/ha, respectively (Fig. 2) .
At gray forest soil of Bryansk Region, solid forms (based on peat and vermiculite) increased barley yield by 5-10 %; in case of the liquid form, it was Under the conditions of Orel Region, soybean grain yield increased by 6 % with the use of the product based on peat and by 12 % with the liquid form of the biochemical (compared to the control without seed inoculation). At black soil of Rostov Region, soybean grain yield increased by 19 % in case of the peat form and by 25 % with the liquid form; in peas, these figures were 17 and 23 %, respectively. High efficiency of alfalfa inoculation was obtained at gray forest soils of Tomsk Region, where the increase was 20-70 % in case of peat products and 30-90 % with the liquid form.
Selection and screening of promising strains of microorganisms based on agro-ecological conditions are important conditions for the increasing of biochemical efficacy. Thus, using different strains of nodule bacteria Sinorhizobium meliloti in Leningrad Region for seed inoculation prior to alfalfa sowing allowed us to create the effective plant-microbe systems. On the sod-podzolic soil, strain A-4 was most effective providing yield increase by more than 25% and grain yield of 2.1 t/ha of dry weight, while on sod-carbonate soil it was the strain A-5 which increased the productivity of alfalfa by 140 %; the dry weight gain compared to control was 13.3 and 11.8 t/ha, respectively when strains A-5 and A-6 were used for inoculation (Table 3) .
Thus, a method of field evaluation of the efficacy of new forms of microbial biochemicals that improve productivity and quality of crops has been developed. The new type of synthetic nutrient media has been shown to be suitable for liquid bacterial preparations. Productivity of plants with the use of new formulations is not inferior (or even superior) to traditional forms. Studied biochemicals are convenient for use and hi-tech products. The favorable effect of inoculation on soil fertility and ecological environment should be taken into account as well. 
